Background. This study aimed to evaluate the prognostic significance of co-polsomy of chromosome 1q and 19p in 1p/19q codeleted oligodendroglial tumors (ODGs). Methods. In a series of 148 ODGs with 1p/19q deletion, co-polysomy of 1q and 19p was detected by fluorescence in situ hybridization (FISH). Log-rank analysis and Cox regression methods were used to compare Kaplan-Meier plots and identify factors associated with worse prognosis.
G liomas are the most common intracranial tumors, constituting 80% of primary malignant intracranial tumors. 1 Although combined-modality therapy and individualized treatment of gliomas have been widely used, therapeutic effect and prognosis are still poor. 2 Recently, molecular genetics revealed that a t(1;19)(q10;p10) mediated codeletion of chromosome 1p and 19q and predicted better prognosis in patients with oligodendroglioma (ODG). 3 In the detection of 1p/19q codeletion by fluorescence in situ hybridization (FISH) method, polysomy of chromosome 1q and 19p was frequently encountered, which was defined as more than two 1q and 19p signals in gliomas. However, rare studies have reported the prognostic significance of polysomy of 1q and 19p in the context of 1p/19q codeletion in ODGs. 4, 5 To clarify the above pending questions, we counted the frequency of co-polysomy of chromosome 1q and 19p and then analyzed the relationship between polysomy and prognoses in a series of 148 1p/19q codeleted ODGs.
Materials and Methods

Ethics Statement
A series of 148 patients with ODG with 1p/19q codeletion were surgically treated and pathologically confirmed at Beijing Tiantan Hospital from May 2009 through June 2011. All patients provided written informed consent for the current study, and the clinical study was approved by the Medical Ethics Committee of Capital Medical University.
Pathological Examination
Fresh paraffin-embedded tumor tissue was made into 5-mm slides and stained with hematoxylin and eosin. All the pathological slides were examined morphologically and graded by 3 independent neuropathologists according to the 2007 World Health Organization Classification of Tumors of the Central Nervous System. 6 The diagnosis was decided if all 3 pathologists agreed on it. If they could not agree on the final diagnosis, another ≥1 independent neuropathlogist would decide on a diagnosis. The slides were reviewed, and corresponding immunohistochemical staining would be performed if necessary. The final decision was decided by the majority, and at least 3 of them agreed on it.
Detection of 1p/19q Codeletion and Co-polysomy of 1q/19p by FISH Method
The 1p/19q fluorescent probe kit (Vysis) was used for the FISH test as was described previously. 7 The assessment and interpretation of FISH results were performed according to guidelines defined by the International Society of Paediatric Oncology Europe Neuroblastoma Pathology and Biology and Bone Marrow Group. 8 Tumors with .30% of nuclei showing DNA loss were defined as a tumor with chromosomal loss. The tumor was considered to have co-polysomy of 1q and 19p if 30% of nuclei showed .2 1q and 19p. 4 
Quality Control for FISH Detection of 1p/19q Codeletion
For each case, a paraffin-embedded tumor block was selected on the basis of tumor content, including the highestgrade component and representation of the predominant morphology of the individual case. Several sections were prepared for FISH. The first and last sections were hematoxylin and eosin stained, regions representing tumor were delineated, and the first section was examined to ensure that it met the standards by which the block was selected. For FISH analysis, the section immediately adjacent to the first hematoxylin and eosin-stained slide was used to minimize the effects of tumor heterogeneity. In the corresponding region rich of representing tumor cells, .100 nonoverlapping nuclei were enumerated per hybridization for each probe.
Some parameters were used for quality control. The percentage of nuclei, in which the number of control signal is less than the number of target signal, is used for quality control to avoid the methodological error. Statistically, the probability of signal loss due to tissue section was the same for both control and target signals if there is no 1p/19q deletion. If the percentage for quality control is .10%, the section is of poor quality and another section will be evaluated for use.
Statistical Analysis
Survival as a function of time was plotted using the Kaplan-Meier method. Log-rank analysis was used to compare Kaplan-Meier plots and identify factors associated with prognosis. The multivariate proportional hazards regression analysis was used to identify independent factors associated with prognosis. This was done after controlling for clinical, operative, and pathological factors that have been shown to be associated with prognosis, including age, Karnofsky performance status (KPS), tumor removal degree, pathology, and adjuvant therapy 9 by independent t test or x 2 test between groups. SPSS, version 13.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. Probability value was obtained from 2-sided tests with a statistical significance of P , .05. The frequencies of co-polysomy of 1q and 19p were 21.6% (32/148); 125 (84.5%) patients with ODG received postoperative chemotherapy, and 77 (52.0%) received postoperative radiotherapy.
Results
Overall Characteristics of Study Population
All patients were followed up for 0.5-29.5 months after surgery, and the median follow-up was 15.5 months.
1q/19p Co-polysomy Independently Predicts Worse Prognoses in 1p/19q Co-deleted ODGs, Irrespective of Tumor Grade (Fig. 1) Patients with 1p/19q co-deleted ODG with co-polysomy had shorter progression-free survival (PFS) than did those without co-polysomy ( Fig. 1A ; P ¼ .001). The median PFS rates for 1p/19q codeleted ODGs with and without co-polysomy were both unavailable. The 1-year and 2-year PFS rates for 1p/19q codeleted ODG with co-polysomy were 84.0% and 58.2%, respectively. The 1-year and 2-year PFS rates for 1p/19q codeleted ODG without co-polysomy were 97.3% and 85.2%, respectively.
Patients with 1p/19q codeleted ODG with co-polysomy had shorter overall survival (OS) than did those without co-polysomy ( Fig. 1C ; P ¼ .008). The median OS for 1p/19q codeleted ODGs with and without co-polysomy were unavailable. The 1-year and 2-year OS rates among patients with 1p/19q codeleted ODG with co-polysomy were 90.9% and 64.8%, respectively. The 1-year and 2-year OS rates for 1p/19q co-deleted ODG without co-polysomy were 97.9% and 93.5%, respectively.
Log-rank analysis revealed that both co-polysomy (yes/no) and grade (World Health Organization II/III) were factors significantly associated with PFS and OS (Fig. 1) . Thus, these 2 factors were considered in multivariate analysis. Cox regression analysis confirmed that both co-polysomy and higher grade were independent factors for shorter PFS, whereas only co-polysomy was an independent factor for shorter OS in 1p/19q co-deleted ODGs (Table 3 ). The odds ratio of without and with co-polysomy was 0.263 (95% confidence interval [CI], 0.089 -0.771; P ¼ .015) for PFS and 0.213 (95% CI, 0.060 -0.756; P ¼ .017) for OS. 1q/19p Co-polysomy in 1p/19q Codeleted Low-Grade ODGs ( Fig. 2A and 2B) Patients with low-grade ODGs with concurrent 1p/19q codeletion and co-polysomy had significantly shorter PFS and OS than did those with 1p/19q codeletion but without co-polysomy (P ¼ .011 and P ¼ .009, respectively). There were no significant differences between the 2 groups with regard to the following parameters: age, KPS, pathology, tumor removal degree, postoperative chemotherapy, and postoperative radiotherapy ( Table 2) .
For low-grade 1p/19q codeleted ODGs, Cox regression analysis included patient sex, age (.40 or ≤40 years), pathology (oligodendroglioma/oligoastrocytoma), removal degree (gross total resection or nongross total resection), co-polysomy status (yes/no), postoperative chemotherapy (yes/no), and postoperative radiotherapy (yes/no). Co-polysomy was confirmed as an independent factor for shorter PFS and OS (Table 3) . The odds ratio of without and with co-polysomy was 0.138 (95% CI, 0.023 -0.824; P ¼ .030) for PFS and 0.09 (95% CI, 0.009 -0.872; P ¼ .038) for OS.
1q/19p Co-polysomy in 1p/19q Codeleted High-Grade ODGs (Fig. 2C and 2D) The PFS and OS among patients with high-grade ODG with concurrent 1p/19q codeletion and co-polysomy showed a trend to be shorter than those among patients with 1p/19q codeletion but without co-polysomy ( Fig. 2C and D) , although the difference was not significantly different (P ¼ .109 and P ¼ .353, respectively). There were no significant differences between the 2 groups with regard to the following parameters: age, KPS, pathology, tumor removal degree, postoperative chemotherapy, and postoperative radiotherapy ( Table 2) .
Discussion
High incidence of 1p and 19q deletion is observed in oligodendroglioma and oligoastrocytoma. 10 It has been reported that codeletion of 1p and 19q is associated with longer PFS and longer median survival time, thus representing an independent prognostic factor in anaplastic oligodendroglial tumors (World Health Organization grade III).
11 -14 Similarly, 1p/19q codeletion also predicts a longer radiographic response to temozolomide and is associated with both superior OS and PFS in low-grade ODG tumors. 3,15 -17 It was speculated that 1p/19q codeletion was associated with more sensitivity to adjuvant therapies; however, the molecular mechanism was still unclear.
FISH method has been widely used for the deletion of chromosome 1p and 19q in gliomas especially in those with the ODG component. Compared with polymerase chain reaction (PCR), FISH is more sensitive when detecting deletions in specimens of mixed cellularity. 18 FISH analysis can detect deletions in tumor cell populations making up as little as 15% -30% of all cells in the specimen compared with a requirement of 60% -90% tumor cell content for loss of heterozygosity PCR studies. 19 In this study, detection of chromosome 1p and 19q deletion was routinely tested by FISH method in a series of ODGs. Meanwhile, polysomy of chromosome 1q and 19p was recorded as described in Materials and Methods. This study aimed to determine the significance of co-polysomy for ODGs in the context of 1p/ 19q codeletion, although polysomy was not an area as hot as 1p/19q codeletion. Thus far, to our knowledge, this is the third study on co-polysomy of 1q and 19p. 4, 5 In this study, we presented the largest series of 1p/19q codeleted ODGs with co-polysomy by FISH analysis. According to our analyses, we found the prognostic significance of co-polysomy in 1p/19q codeleted ODGs.
Co-polysomy Independently Predicted Shorter Survival in 1p/19q Codeleted ODGs
The most important finding in our study is that co-polysomy was an independent factor for shorter survival among patients with 1p/19q codeleted ODG. In 148 ODGs, log-rank analysis revealed that co-polysomy and higher grade were 2 factors associated with shorter PFS and OS. Cox regression further confirmed both of them as independent factors for shorter PFS and only co-polysomy as an independent factor for shorter OS. Thus, detection of polysomy of 1q and 19p together in 1p/19q codeleted ODGs has its merit in prognosis prediction and guiding individual treatment.
To our knowledge, this is the third study on polysomy of 1q and 19p with the largest series of patients. All the studies on the significance of polysomy of 1q and/or 19p in English literature are listed in Table 4 . For the first time in 2009, Snuderl et al. analyzed 64 high-grade ODGs and found that polysomy showed shorter PFS than in those without polysomy among those with 1p/19q codeletion (P ¼ .0048). The trend for OS was similar with PFS, but the difference was not significant because of the smaller cohort. 4 For the second time in 2012, Wiens et al. analyzed 84 consecutive ODGs (including 68 low grade and 16 high grade) and found that polysomy of 1q and/or 19p is associated with less favorable clinical outcome (P ¼ .06, P ¼ .09, and P ¼ .03, respectively), regardless of histological tumor grade. 5 Our study found that co-polysomy was an independent factor for shorter PFS and OS, irrespective of tumor grade.
Co-polysomy Independently Predicted Shorter Survival in 1p/19q Codeleted Low-Grade ODGs
Co-polysomy was an independent factor associated with shorter PFS and OS among patients with 1p/19q codeleted low-grade ODG; 18.4% harbored co-polysomy of 1q and 19p. To analyze the role of co-polysomy in lowgrade ODGs, log-rank analysis and Cox regression were performed in 104 low-grade ODGs with codeletion. Co-polysomy was confirmed as an independent factor for shorter PFS and OS. The odds ratio of without and with co-polysomy was 0.138 (95% CI, 0.023 -0.824; P ¼ .030) for PFS and 0.09 (95% CI, 0.009-0.872; P ¼ .038) for OS.
Study Limitation
The primary limitation of this study is the short follow-up for ODGs, especially for high-grade ODGs. This may be the cause for marginal significance for some P values. In spite of these limitations, this study reported some important findings and convincible conclusions.
In conclusion, co-polysomy was independently associated with shorter PFS and OS in 1p/19q codeleted ODGs, irrespective of tumor grades. Subgroup analysis confirmed this trend in both low-grade and high-grade ODGs, although the P value for high-grade ODGs was marginally significant. Co-polysomy of 1q and 19p could be used as a marker to independently predict worse prognoses and guide individual treatment in 1p/19q codeleted ODGs.
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